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LANDING CHARACTERISTICS OF AN AUTOGIRO

By Wllllam C. Peck
SUMMARY

An investigation to determine the rate of descent,
the horigontal velocity, and the attitude at contact of
an autogiro in landings was made by the Rational Adviaoqy
Committee for Aeronautics at the reguest of the Bureau of
Alr Commerce, Department of Commerce. The investigation
covared varlous typeos of landings.

The results of the investigatlon dlsclosed that the
mex!imam rate of descent at contact with the ground (10.6
feeli per second) was less than the minimum rate of descent
attuinadle in a steady glide (15.8 feet per second); that
the .rates of descent at contact were of the same order of
magititude as those experisnced by conventlonal airplanes
in !landings; that flared landings resulited in very low
horizontal velocities at contact; and thet unexpectedly
higli 11ft and drag force cocefflicients were developed in
the .latter stages of the flared lendlugs.
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INTRODUCTION

The characteristic ability of an autogiro to be 1andf_

ed from eteep glides of approadh end with very low hori-
gzontal velocitlies at contact with the ground haes led to
spejulation as to the strength and shock-ebsorption re-
quirements for this type of aircraft. Owing to the ab-
senie of quantlitetive data, the Bureau of Ailr Commercse,
Depirtment of Commerce, requested that tests be made to
obtain representative data on autogiro landing character-
lstlces. The eesential information desired included the
rates of descent, the horizontal velocitles, and the atti-
tudses of an autogiro in landings.

Testas to obteln these datae were made with a Pltcairn
PCA-2 autogiro, whose general charescteristics are described
in reference 1l. The tests consisted of a series of land-
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ings arranged to cover the types that would prodbabdly be A

made by an autogiro pilot of average, or poor, adbllity. _
The investigation was conducted by the Natlonal Advi- T

sory Committee for Aeronaunticse at Langley Fleld, Va,, dur-

ing the months of May and June 1933.'

APPARATUS

The PCA-2 autogiro, used for these tests, was a 2~
place, open-cockplt machine equipped with a 4-blade rotor
46 feet in diameter, a fixed wing 101 squars feet in area
including the fuselage area between the wing roots, and a
Wright 300-horsepower R-975 engine. The landing chassis
was equlpped with oleo-spring Aerol struts having strokes
of approximately 8 inches and fitted with 8,50-10 low-
pressure airplane tires. The grose welght of the autogiro
es flown was approximately 2,940 pounds.

The inetruments nesed during the testes conslsted of
an alr-gpeed recorder, an accelerometer, a control-
position recorder, a timer, and a recording "phototheodo~
lite." All, except the phototheodolite, were standard
N.A.C.A., inetruments and were mounted in the autogiro. -
The recording phototheqdolite, developed to record flight ’
pathe and attitudes of aircraft in flight close to the
ground, 1s described in reference 2. The essential sle~ <,
ments of this epparatus are a motion-picture camera, an
instrument to record the azimuth and elevation angles of
the camera, and a timer. The apparatus was set up approxi-
mately B800 feet from the site of the landings.

The instruments mounted in the auntogiro were used to
furnish higtories of the air speeds, the accelerations
parallel to the mormal axis at and subsequent to contact
with the ground, and the movements of the elevator con-
trols. The timer furnished time indicatlions on the rec-~
ords aid allowed their synchronization. The records ob-
tained with the phototheodolite wer8 used to determine the
hoights of the autogiro above the ground, the rates of
descent, the horigontal velocitles relative to the ground,
the vertical accelerations immediately prior to coantact
with the ground, and the attitudes at contacte.
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PROCEDURE

4 zero time wes established for synchronizing the
date obtalned by the instruments 1n the autogiro wlth those
obtalned from the phototheodollte records. Thle time was
the instant the landing-gear wheels made contact with the
ground and was determined for the lnstrument data by exam-
inatlion of the accelerometer records. The time of contact
of the landing~gear wheels was determlned for the photo-
theodolite data by noting the frame of the motion-picture
photographs in whilch rotation of the wheels started, seg-
mentes of the wheels having been painted with aluminum to
make this method of identificatlon possible.

The teste were divided into three general groups:
(1) landings made by a gradual leveling-off (normal land-
ings), (2) landings made by abruptly flaring the autogiro
(flared lendings), and (3) taxi and take-off runs. The
air speeds of approach of the normal landings varled from
that in excess of the eir speed alt which a three-point
landling was possible to alr speeds at which the elevator
control felt ineffective to the pilot. The alr speeds of
approech for the flared landings verled from the air speed
at which the autogliro gained altitude after an abrupt
flare to air ampeeds at which the elevator control felt in-
effective to the pilot. The heights of execution o6f the
flare varied from a height relatively close to the ground
to one thet was deemed unsafe to exceed. The taxi and

take-off runs were made over a rough portion of the land~-
ing field.

PREGISION

The estimated precision attained in the determination
of the eutogiro landing characteristicse 1ls:
Helghts above the ground *1/2 ft.

Horizoﬁtgl (ground) velocities =+2 f.p.s. -

Rates of dsscent +1/2 fepes.
Alr speeds of approach +3 f.p.8.
Acceleratione (vertical) prior
to contact £2 f£+%. per sec.
per Bsec.
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Accelerations (normal) at and
subsequent %o contact . i1/4 £
Attitudes +1/2°

Owing to the rapid change in angle of .attack, the
‘very low.air speeds, and the ground effect, 1t was bo-

"'1iev6d that the .error in recording the alr speed immedil~

ately prior to contact would be greater than the error

in recording the 'air speed of approach. 4 comparison of
the recorded air speed with the value detormined by the
addition of the average wind speed and the speed of the -
antogiro relative to the ground showed, however, that the
accuracy of recording the alr speed prior to contact was
of the same order as that for the sir speed of approach.

RRSULTS AND DISCUSSION

Repregentative data on the landing characteristics
of the PCA-2 autogiro are listed 1in table I and plotted
in figures 1 and 2. The data sbhow that -the landings which
may be classifled as being those made by an auvtogiro pllo#t
of average ability (landings made from air speeds of ap-
proach relatively close to the air speed that allowed a
goentle and relatively slow landing and in which the level-
ing~off or the flarlng was executed within 8 feet of the
ground) resulted in rates of descent at contact of less
than 6 feet per second. Landings in which poor abllity
was simulated, i.e., landings which did not fall within
the ranges mentioned above, resulted in rates of descent
at contact that approached a value of 11 feet per second.
These latter rates of descent, even for the worst landing,
wore less than tho mianimum rete of descent 1n the steady
glides)with the propeller stopped (15.8 feet per second,
fig. 1)

The maximum rate of descent at contact (1U.6 feet per
second at the center of gravity) occurred in flared land-
ing 12. 1In this landing the air speed of approach was
sufficlent to provide definite response to the glevator
movemonts. The flare was started at & helght of approxi-
nmately 14 feet with an alr speed of 56 feet per second
and resulted in an ailr speocd at contact of 23 feot per
second with a small nogative horizontal velocity component
relative to the ground. The severity of the landlng re-
eulted in faillure of the tail skid and subsequent damage
to the rudder.
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Figure 2 1e a plot of the rate of descent at contact
ageinst the height £bove the ground at which the execution
of leveling-~off or flaring was started for the normal and
the flared landings, respectively. It 1s Intereating to
note that, with one exception, the rate of descent at con-
tact appears to depend primarily on the helghkt above the
ground at which leveling-off or flaring was started. 1In
the exception (landing 5) the air speed of approach was
higher than that of the other landinge represented on the
figure and the direction of the elevator movement was re-—

" veresed twice between the start of the leveling—-off and

contact with the ground. Figure 2 further shows that _no
marked difference in the rates of descent at contact oce-
curred for the two types of landingse., It should also be
noted that the rates of descent at contact are approximate-
ly of ‘the same relative order of magnitude as would be ex-
perienced by the conventlional airplane. -

In general, there wes an appreclable difference in_ _
the horizontal velocity at contact for the normal and the
flared types of landing (tadle I). In the flared lendings,
a very marked reductlon occurred iIn the horizontal veloc-
ity during the execution of the flare, the reduction belng
s0 great that in a wind of moderate intensity the horizon-
tal velooclty relatlve to the ground at contact was practi-
cally zero. Owing to the large reduction in horizontal
veloclty that may be reallzed in the flared landing, the
autogliro has an appreciabdly wilder range of horizonfal ve-
locities at contact than the conventional airplane.

The vertlcael accelerations experienced immediately
prior to contact with the ground varied from -4 feet per .
second per second (~0.12g) to 5 feet per second per sec—
ond (0.15g) which shows a variance of the vertical compo-
nent of the amercdynamic forces exlstent at contact from
eapproximately 88 percent to 115 perceant of the gross
woight of the autogiro. No means weré available for de-
termining the magnltude of this component existent at the
end of the contraction stroke of the. shock-~absorhing unite.
An indicatlon of the magnitude of thie component generated
by the rotor was obtained, however, by noting the rotor
coning angle as recorded by the camera. In all but one of
the landings, the coning angle remained positive during
and for & short period of the time following the comple-
tion of the initial contraction-stroke cycle of the shock~
abgorbing units. In the remsining landing, the coning an-
g€le was approximetely sero at the end of the cycle and be-
came negative shortly after.
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The zero coning angle existent at the completion of
the 1initial shoék~abdorber contractIon cycle indicates
that 1n one landing the rotor thrvst was less than the
woelght of the rotor blades, which were approximately 11
percent of the groes weight of the autogiro.  The vertil-
cal component of the merodynamic forces had thue dropped
to as.low as approximately 11 percent of the gross weight
of—-the autogiro during the cycle. It therdfore appears
that during the abvsorption of the vertical component of
the autogiro's kKinetic emergy at contact with the ground
practlcally the entire support of the autogiro may be
transferred from the eserodynamic forces to the landing
gear. Such a transfer requires that the, shock—absorbing
system absord not only the vertical component of the con-

-tact kinetlc ‘energy but also absorb a portion. of the change

4n potential energy represented by the vertical dlasplace~
ment of the autoglro during the 1nitial shock-~absorber
contraction stroke and, in aeddition, offer a resisting
force approximately egqual to the weight of the autogiro
at the end of the cycle. .

The rotor speeds varied from 129 r.p.m. to 136 r. P.ms
during the landings (table I). The rotor speeds wers sen-
sibly constant, however, ‘during the recorded portions of
each of the landings. The recorded portions, 1ln general,
included the last stage of the approach gllde, the level-
ing~off or flaring,-and the final approach onto the ground.

The rotor speed characteristics prevalling during the
landings are different than would be expected from those
indicated by previous flight tests. During the acceler-
ated-flight ‘tests (reference 3) a ' rapid increase in rotor
speed accompanied an increase in normal force on the ro-
tor. In the landings, rotor speeds remalned sensibly con-
stant even .though in ‘gome of the flared landings the nor-
mal force on the rotor was substantlally increased. The
decrease in air speseds that occurred during the landings
would ‘not- cause a change ln rotor speeds as the tip-speoed
ratios (0.1 to 0.2) prevdiling during the landings were in
the range of counstant rotor specds for the condition of
constant normal force.

Another surprising difference between landing and
normal-flight characteristics is the high force coeffi-
clents developed at contact (fig. 3). The 1lift and drag
coefflcieontes determined from the normal landinge were bui
8lightly greater than those determined from steady glide
tests, whereas, those from the'flared landings were appre-
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clably greater than the maxlmum realized in steady glldes.
The force coefficients deduced to be existent immediately
prior to contact in the landingps are but approximate in
magnitude owing to tho use of the insufficiently precise
horizontal and verticel accelerations determined from %the

.phototheodolite date and to the sssumption of constant

gross woight of the autogiro. The calculated coefficlents,
however, are believed to be sufficlenily accurate to .per-
mit the qualitative comparlson.

The reasons for the constant rotor speeds during the
accelerated portions of the landing epproaches and the
unexpectedly high force coefficients prevailing during the
flared landings are impossible to explain owing to lack
of development of autogiro theory covering accelerated
flight and the influence of ground effect on the effective
angle of attack. It 1s believed, however, that a major
contribvuting factor toward the high force coefficients is
e relatively large ground effect at the large angles of

attack and low air speeds attained in the abruptly flared

landings.

CONCLUSIONS

l. The meximum rate of descent of the autoglro at
contact with the ground was 1l0.6 feet per second.

2. When the landings were made from approximately
the same alr apeed of approach, no marked difference oc-
curred in the rate of descent at contact for the normal
or the flared landing, the rate of descent at contact be-
ing roughly a function of the height above the ground at
which the execution of the leveling-off or the flaring
was started.

3« The horizontel velocitles with which an autogiro
mey be landed cover a wide range; the horizontal veloci-
ties &t contact with the ground in flared landings are, in
general, very low.

4. The 1lift and drag coefficlents developed during
the flared landings were appreclabdly greater than the
maximums realized in steady glides. :

Lengley Memorial Aeronsutical Labdboratory,
Natlionael Advisory Committee for Aeronsutics,
Langley Fleld, Va., October 4, 1934.



8 N.A.C.A. Toechnical Note No. 508
REFTEREN CES

le Wheatley, John B.,: Lift and Drag' Characterlstice and
Gliding Performance of an Autoglro as Determined
in Flight. T.R. No. 434, N.A.C.A., 1932.

2. Thonmpson, ¥, L., Peck, W. C., and Beard, A. P.: Alr
Conditions Close to the Ground and tne Effect on
Airplane Landings. T.R. Nos 489, N.A.C.A., 1934.

3. Wheatley, John B.: Wing Fressure Distribution and -
Rotor-Blade Motlon of an Autogiro as Determined 1in
Flight. T.R. NO'. 475, NIAIGIAI’ 1933&



Vexrtiosl sootlerniions Rotor spasd
Hates
of Tome- Ona
Shart of Yalooltles xi oomiack dasommb di- [ 5.3 Aver- l-:gﬂl
o slswator with 1ho ground ab Avil-| ately Maximcm | omd A% | age
ber novemext ocontast |tude | prdo®| Oomtech afber prior| con~ |over | reo— Remarky
of o¥ at | W oontank to { taoh [ reo- | oxd
lsnd-| Land- oon~ | oom—~ oo oxd
isg | ivg I I Horisombgl tact | taoh ok
apeed®| tnde | epsed®|Ground] Winab | o.g.| Ta12 0.8 |0.5.|Psl)] o.g.| Ta12
fook fook | Toud |Lanh|Toat | feel fenk Toat
paz per | per |pex |par | per | per pez o
800. 5. 80, | 880. |880.| 980, | M0, 000.|dag. | s0a.¥| g [ 8 g P.Pelle X ePolie | TPl | mooond
1 |Normel o 418 44 36 [ ] 8 40148 |13.4| -4 |1.8 |1.B]|1.8 |B.8 134 154 154 2.35
B » —- - 41 .14 [ ] ] 3.8 | 4.7 |15.4 0 |1.B]1.7|%.4|1.8 13 13 18 1.87 | Geadugl leveling-off.
3 1 [} [ 44 [ ] 46 B 3.4 | 5.4 |13.8 1 |X.B|1.B|1.6][1.B 130 1% 130 3,08
4 ' &3 31/8 4“4 [ -] “ 2 8.7 [ 8.8 . 0 |1l.4]1.8 1.8 |1. 138 138 13 4.34 | Pattosked from B fosk.
] L L |14 1/R 40 ] 40 & 2.8 | 8.9 [18.3 3 |l.4 |1.8]|1.8|1.B 130 130 180 1.85 | Mo obhange in
8 L} B (13 14 3 3 1] 8.3 | 9.8 |1A.0 0o |88 |1,4|1.,8]8.68 | 180 18 180 1.03 | Reaponss : Ii.ﬂ'n‘lnt
poCE.
¥ |Figred | Bl 1/ = % |8| 13 |1.8]|1.5 |14.7| -4 |Lé|Ll.4|1.4|81 | 133 | 138 | 152 K1
8 L 53 al/a = 8 38| 1 4.3 |6.8 |18.5 0 [1.3|31|1.4]|1.6 133 1533 153 5.30 | Roaponee #0 oontrols
%] L 48 e1/8 37 10 38| 18 8.3(7.0 (15.1 = [BY[8.7([1.8 (1.8 138 188 156 .53 P.nod:;d from 8 fost.
10 " a3 - = 0 3| 4.7]|8.3 |15.4] -1 1.4 )20 - - 1. 134 |- 1. 3.44 | Comtrola oﬂ'u'llﬂl
in from
|- 0 |15 % o [=| 0 |oz|as|1rs] a4 |as|ar] - |- | 19 |13 | 1s | 380 nru;é:.mm
sofh,
18 . 65 |14 - -8 0| 2O Lhoafwwa]| 1 [2.5]|a.8] - - 133 133 134 3,15 | Tpil oicid broks.
13 ] 53 - - - - 2.7 4.8 |[17.B -~ |1.8{3,8]1.7T]|4.8 - - - -
14 ' a3 1 0 14 20 - 4.4 | 6.7 [24.7 - /8.5]|8.8|2.0 8.3 1= 138 1R 3.7 [Flared ad 1 m‘l
: o B iﬂ‘l
1| v 63 |8 4 | =2 | 45| ¢ [z20]|6.0 (80| & |2.8(23(|00|n8| - - - - | Pooe responss o ele—
1B | “w |- Q| 35 || 4 poalve|ee]| 5 (80213238 | - - - = | To sppreciabls re-
: 0 slevabor;
| s 0 |- s | 2 |@] - |roolme] -~ [ne] -Jae|l-t -~ | - | - | - |mevatr inertsordve
! ‘ Pt hard.
Taxi - - - - - - - |- - - - - {1.711l.0 - - - - Blow taxt over rough
take- | - | - - el -l = =~-]-1-Ft-1]1-]-]1.8]24] - - - ~ | Loug vakn-ofe rum,
oft . [

.

Y o'v'E

908 "o eRON TWOTUUOEL




¥lgure 1.-Variation of rate of descent of a PCA-2 amtogiro with dynsmic pressurs.
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